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DISCUSSION ON ELECTRICAL TRANSMISSION OF ELECTRICAL
MEASUREMENTS" (BLISS),

" METERING LARGE DIRECT-CURRENT INSTALLATIONS
(MAGALHAES),

" MEASUREMENT OF ENERGY WITH INSTRUMENT TRANS-
FORNMERS " (MAXWELL),

"WHEATSTONE BRIDGE-ROTATINCG STANDARD METHOD OF
TESTING LARGE CAPACITY WATT-HOUR METERS " (INGALLS
AND COWLES), BOSTON, MASS., JUNE 28 1912.

William J. Mowbray: It is somewhat presumptuous for me to
congratulate Mr. Ingalls on this paper, but I will presume to
do so, because I think that I can claim being the originator in
the United States of the rotative watt-hour test meter.
Seven years ago, in 1905, the chairman of this meeting, Mr.
Robinson, presented a paper entitled The Oscillograph and
Its Use at a meeting of the Ilnstitute held in New York
City, and at that same meeting I had the honor of present-
ing a paper which disclosed for the first time the method of
testing watt-hour meters with a rotative watt-hour test meter
having several current and potential windings. The paper was
entitled AMainteenance of Mleters, and brought in the rotative
test meter. At that time this method of testing service meters
was not generally used at all, having just been started in Brooklyn
and New York. Boston was then using a standard resistance, a
voltmeter and a stop watch. But I see that Boston has now fallen
into line, and is not only using the rotative watt-hour test meter,
but has added to the method of using it a degree of refinement
that is characteristic of Boston. I congratulate Mr. Ingalls on
this method, which is very clever and just the thing for testing
large meters on fluctuating loads.

F. P. Cox: I have been familiar for some little time with the
work that Mr. Ingalls has been doing with this method of testing.
I do not feel I could pass the paper without saying it is a good
and useful method.

Referring to Mr. Magalhaes's paper, and method 3, it seems to
me the object of meters is to get a record of the energy used,
and if this is the most accurate, as it certainly is, it is worth tlhe
money the extra meters cost.
As to getting a totalizing dial, this is quite a problem. I have

done a little work on it in the past, by magnetic contact from
different meters, to record the sum of the impulses, but the
trouble in that case is that sometimes many impulses come in at
once from the different meters and they must all be recorded.
To do that, you find it necessary to record on the totaling dial
one impulse, and then the others will have to wait and stand
there until they get a turn to record; it can be done and has
been done, but the device is rather expensive and rather com-
plicated, and if you should add this to the already large expense
of the separate meters, I am afraid the mana who is paying the
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bills would object. But the separate meters and adapting the
meter to the circuit, is the right way to do it, and if the job is
worth doing at all, it is worth doing right.

In regard to the shunt meter, that has possibilities; it also
has its troubles. I do not know how Mr. Magalhaes proposes
to connect these things so as to do away with the troubles of
the division, because if you are using the shunt meter as the
total carrying meter, you still have the problem of one large
meter against several small meters, and you have additional
things to look after in regard to contacts. When you are shunting
five or ten amperes, you have the larger losses in the higher
capacity meters, because you would have the drop which would
come from the low capacity. If these temperature effects and
loads come in, while you would get a system which would be
more flexible, I doubt very much if it would add to the accuracy
of the meter. It has not been overlooked or forgotten, but it has
troubles. We cannot say they never will be worked out, but I
have not yet seen anything that is entirely satisfactory.

J. R. Craighead: First, with reference to Electrical Trans-
mission of Electrical M1[easurements. There has been a con-
stantly increasing call for various kinds of measurements which
are to be recorded at a considerable distance from the place
where the actual measurement is made, and it seems to me this
paper shows a method of doing this in a very satisfactory way
with a certain class of instruments. However, there is an
alternative way of doing the same thing, namely, getting the
measurement at the point where you want to have it, which
consists in designing a special type of current transformer, in
which the secondary current shall be reduced, for instance, to
0. 5 ampere, instead of 5 amperes. It is perfectly practicable to
make a current transformer with 0. 5-ampere secondary of
practically the same qualities as the 5-ampere secondary.

It is also perfectly practicable to make an instrument employ-
ing most of the standard types, of 0. 5-ampere capacity, instead
of 5 amperes capacity. The load of this instrument on the cur-
rent transformer is about the same fraction of the capacity of
the transformer in one case as in the other. This leaves the same
difference, which may be used up in the line drop. If we take an
ordinary current transformer, of 5 amperes capacity, we are
limited by considerations of load to a small line drop, so that
the practicable distance with the usual size of wire is only a
few hundred feet if satisfactory accuracy is to be secured.
By cutting the secondary down to 0. 5 ampere, we multiply the
length of the line using the same wire, and consequently the
distance to which we can transmit over that wire, by 100, in
some cases running to 10, 15, 20, or even 40 miles, the size of
wire necessarily increasing with the length of the transmission.

There is one difficulty in connection with this method of
building current transformers which ought to be considered, and
that is, that the secondary has naturally a very much larger
number of turns than the standard current transformers, and



1560 ELECTRICAL MEASUREMENTS [June 28

in consequence, if the secondary is accidentally open-circuited,
the voltage on the secondary will be ten times larger than on the
corresponding 5-ampere secondary. This implies rather special
care in insulating the secondary to avoid damage.
As far as the potential transformers are concerned, for ordinary

purposes, the line drop may be considered as part of the resistance
of the instrument, and the ordinary potential transformer will
therefore answer in many cases. For extreme cases, a higher
voltage secondary may be used.

In regard to the paper on Measurement of Energy with
Instrument Transformers, I want to say one or two things.
One thing, particularly, is in regard to the use of the light-load
adjustment for compensation. That has been argued a number
of times, and I do not think we can say very much that is new.
If we are going to cut down the safety against creeping by
calibrating the meter to run fast on low load, we are going to
increase the percentage of meters which actually do creep. It
does not mean that the meter will necessarily creep because that
is done to it, but simply means that out of a large number that
are so calibrated, the number of meters that would creep is
increased, and the result is that this method should not be used
where a large number of meters are to be without examination
for long periods. If the meter can be inspected frequently, as is
usually the case where high accuracy is desirable, then this
method of correction may sometimes be used with good results'.

F. V. Magalhaes: I wish to emphasize the value of the
apparatus Mr. Ingalls has developed. It is a combination of
instruments and apparatus which are commonly used and
owned by most of the large operating companies. He obtains
an instrument which will properly check the watt-hour meters
on fluctuating service loads. Stating the point in another way,
he has produced an instrument by using apparatus which is at
present developed and in use, and does not involve the design
or development of new instruments. It is merely a combination
of existing apparatus.

In connection with Mr. Maxwell's paper, the errors in perform-
ance of meters used with well-designed current transformers
are small. It must be borne in mind also in analyzing these
errors with a view to reducing them that with the present knowl-
edge of current transformer design and performance any appreci-
able reduction in these errors is obtained only at a practically
prohibitive increase in the physical dimensions of the trans-
formers.
W. H. Pratt: Mr. Magalhaes's paper brings out a point which

I wish to emphasize, and that is, in using current transformers
for meters, the best current transformers should be selected.
Meters ordinarily are expected to work over a very long range,
in fact, I think that the meter has to take care of a longer range
of observation, you might say, than almost any other piece of
apparatus which is used in ordinary work. There is a vast dif-
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ference between the good qualities of the current transformers
that are available on the market, and by selecting those that have
the best characteristics you have almost no trouble. Slight
errors in ratio can be taken care of in the calibration of the meter,
and likewise the phase angle can be taken care of by an adjust-
ment of the lag angle of the meter, if limiting accuracy is required.

In Mr. Craighead's discussion, I think he undoubtedly has
in mind current transformers which have also come under my
own observation, which depart so far from ideal accuracy that
correction would be unsafe.

L. T. Robinson: I may interpolate a comment here that
will perhaps straighten out things. The papers of Mr. Maxwell
and Mr. Magalhaes and the comments of Mr. Craighead and
Mr. Pratt, are largely considerations of special cases that have
come up. You must not read into the papers that all these
things apply to all the work which we have to do ordinarily.
If you give close attention to what the author says all the way
through, it has been plainly brought out that for ordinary
service and in general the present conditions are fairly satis-
factory.

T. W. Varley: Mr. Ingalls pointed out in the sketch the
bridge method of keeping track of the variation of temperature
in the meter tested. He says that the drop in each zone is practi-
cally 400 millivolts. I would like him to explain how he adjusts
these loads.

C. H. Ingalls: The resistances may be measured by a bridge,
and from the ratio of the two resistances, the ratio of the current
with a balance on the voltmeter, can be readily determined.
It is preferable, however, to use two ammeters and then, by
adjusting the resistances, get the galvanometer to read zero,
and then take the ratio of these currents. Repeated tests have
shown that the ratio remains very constant. There is another
method. If the two shunts are not electrically connected in a
very permanent manner, of course the instrument will get out of
calibration. In order to get around that difficulty, if you want to
use two ordinary shunts, that are not specially made for the
purpose, by using a differential millivoltmeter you can obtain
the zero reading.

T. W. Varley: Would it not be better to use a double bridge?
C. H. Ingalls: A differential voltmeter that is suitable for

that purpose is on the market, I believe.
T. W. Varley: Would it not be better to use a Thomson

double bridge? That is an easy way of using it.
C. H. Ingalls: Yes, but this method was also devised by

Prof. Laws in his laboratory, but never used outside commercially.
Albert Ganz: If you have the two ammeters, why do you

need to know the resistances of the shunt?
C. H. Ingalls: You do not, in that case. Three ammeters

may be used for measuring resistances, or you can use two
ammeters.
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Alexander Maxwell: I think that reference to my paper will
take care of most of the comments made upon it. It is there
stated that for all ordinary cases, commercial transformers are
quite satisfactory. Further than this, almost all other cases can
be solved by lightly loading the transformers. The difficulties
referred to generally occur where extra load is imposed upon the
transformers, such as additional indicating meters, or relay
coils. The manipulation of the meter light-load adjustment is
altogether a last resort, which, I suppose, would only be employed
very rarely. For all ordinary cases of reasonable loading com-
mercial transformers are quite satisfactory.

Paul MacGahan: I agree with Mr. Maxwell as to the desira-
bility of using separate transformers for relays and for watt-hour
meters. There is a strong tendency on the part of some switch-
board builders to connect too many devices to the series trans-
formers so as to economize in cost or space. This practise has
been very hard to discourage, as the evil effects were lnot thor-
oughly understood by operating companies. It has been the
invariable practise of one large company building switchboards
to insist on separate series transformers for relays and for watt-
meters, and nothing else in series with watt-hour meters when
intended to be used for accounting purposes.
An ammeter of low internal drop, and possibv a power

factor meter, may be also connected in if the watt-hour meter is
merely used for operating purposes, and may also be used in
connection with an indicating watt-meter, as the latter does not
require the light-load accuracy of the watt-hour meter.
Although large enough series transformers might be built to

take care satisfactorily of a watt-hour meter and several other
instruments, this would be inadvisable, as two separate smaller
transformers would be cheaper. Series transformers with two
separate secondary coils on separate cores have been used, one
secondary operating the relays and the other the watt-hour
meters.
A convenient grouping of instruments. on two sets of trans-

formers would be as follows:
One set operating relays, ammeters and power factor meters.

One set operating wattmeters.
Elmer L. Kyle: Independent of the fact that shunted type

watt-hour meters may be used in future installations of large
capacity meters, there are a comparatively large number of
the series type still being built and many are in use at the
present time. The testing of the present type is rather awkward
and in many cases inaccurate, especially in testing those of
extremely large capacity. In the latter case it is practically
impossible to test them except by the use of switchboard instru-
ments.
The method devised by the authors of the paper is funda-

mentally simple in principle, easily manipulated, and the device
is conveniently transported, making it possible more readily and
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more frequently to test and maintain the accuracy of the large
capacity meters.
The importance of this class of testing may not be fully

appreciated but the increasing demand for large loads makes it
quite a matter of importance to electric lighting and power
companies.

I might also add that although certain types of shunted
meters possess the redeeming feature of testing in service with a
comparatively low current, the method outlined by Mr. Ingalls
and Mr. Cowles is much more desirable since it possesses many
of the ideal features in meter testing.
John Gilmartin: It frequently happens that the diversity

factor of the natural component parts of an installation is
large enough to permit of a much smaller kilowatt capacity of
meters to be installed if the total load is metered at one point
than if method No. 3, as described by Mr. M\agalhaes, were
followed.
The light and full load accuracy of registration will be higher

on the main meter or meters than on the sum of the individual
meters.

For example, in an installation large enotugh to come under the
heading of this paper, it is unlikely that janitor work, etc., would
be performed only on one floor or in one building at the same
time.
The usual result would be that instead of the individual meters

working at favorable loads, they would each operate at a com-
paratively small load, and it is probable that if main meters had
been selected with proper consideration of the diversity factor
they would operate at a more favorable point on the accuracy
curve than the individual meters.
The same reasoning holds for large installations having a

number of motors, the diversity fattor of which is frequently
large.
Method No. 3, as pointed out in the paper, is very well adapted

to metering separate converters or, as was shown in a recent
case that the writer investigated, to the metering of separate
generators in a power station.

It is the usual practise to operate generating units up to at
least half-load rating, thus giving a very favorable condition for
high meter accuracy, while on the other hand, if meters are
installed in the station bus they will operate at small loads a
considerable part of each twenty-four hours, because the load
curve of the meters will follow the station load curve.


